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INTRODUCTION

The current situation relative to the military specification is that there
is not one specific model of turbulence which people are using. Particular
disagreement exists on how turbulence levels will vary with qualitative. It
does not tie you down to specifics. When it comes to flying quality specifi-
cations, many people feel that we should stay with the definitions of the
Cooper-Harper rating scale, as shown in Figure i, but allow the levels to
shift depending on the level of turbulence.

RAE Bedford and British Airways have recorded thousands of landings,
examined them, studied them, and tried to discover instances of encountering
wind shear, and how many landings get close to the edge. Apparently, the British
flight recording information is better than ours. It contains more information,
such as the pilot's action; i.e., where the throttle is, where the wheel is,
etc. If wind shear is encountered and the pilot goes to full thrust without
the flight recorder being aware of this, the derived wind shear, or the re-
construction of the accident after the fact, may not be correct. Accident
investigations at this time seem to look at where the throttle ended up and
use this to reconstruct last few seconds of flight. In my opinion, this is
not a good enough way to obtain a description of the encountered wind shear.
You may come out with an entirely wrong answer.

There is a ride quality specification in the MIL-SPEC (reference 1)
having to do with flight control systems design that is related to a turbu-
lence model. The structures people also have specifications which relate to
turbulence and the problems that they encounter. There is no lack of speci-
fications in the military; it is simply that perple are using different models.

Reference 2 specifies isotropic turbulence models which are either the
von Karman or Dryden as noted in Figure 2. Turbulence longitudinal scales
twice the lateral scales are recommended. Equations that define the spectra
are also provided in this document.

MIL-F8785C (reference 1) is the current version of the flying quality
specification. It has a turbulence model, and it has the turbulence intensities,
o's, varying with altitude in the way shown in Figures 3 and 4. The scales
vary with altitude. Mil-standard, which is a new proposed version of the MIL-
8785, has the characterization also shown in Figure 3. We, at Calspan, have
a third. You can see right away that in all models the scale Lw is proportional
to altitude, so it goes to zero and zero altitude. The only difference in Lw
between models is that Calspan uses a factor of two, so its scale is half the
other model's value. When you plot the model parameters, you see that there

is disagreement on how they vary. The mil-standard draft for Ow is in the
middle of Figure 4 and Calspan's suggestion is on the bottom. We are also
working more now with helicopters and a helicopter specification is being
developed. Figure 5 shows the probability that sigma exceeds a certain value
given that you have encountered turbulence.
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REQUIRED OPERATION e' CHARACTERISTICS

t Excellent

H. ,ghly desirable

Good

_No i ..g,,g,.,ed-,.........

Fair -- Some mildly

unpleasant deficiencies
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H Mmor bul annoying

defic,encies

Oehcienc_es Moderalely objechonable

warrant dehc_encies

__ Very OblechonabJe but
tolerable deficiencies

NO requ,re

<_tt.,.._.,th a fo!_erab,ee,,,"--e_,,,_,_,,o,_,e_,_ Ma!o, pef,c,e.cie.

J Ma_o,det,c,enc,.s

_lmproveme_t

_ manda]_¥ H Major dehclenc,es

DEMANDS ON THE PILOT PILOT

IN SELECTED TASK OR REQUIRED OPERATION e RATING

Pilot compensation not a factor for

desired performance

Pilot compensation not a lactor for

de'_*red performance

Mlmmal pdot compensatlor_ required for

desired per for mence

Desired performance requites moderate

pdot compensation

Adequate performance requires

considerable pdot compensation

Adequate performance requires extensive

pilot compensation

Adequate performance not atta*nable w_th

maximum tolerable pilot compensahon

Controllablhty not m quest*on

Considerable pdot compensahon is required

io_ coniroi

Intense plloI compensation is required to

retain control

H

i[,J

Control will be lost during some port,on Of _nl

rmqu,red opetahon lm,'-'Jl

I Pilot decisions ]

• Oef,n,hon of .equ.*(2 oDe, lmtton involves d*R_anel,_ Of fllght phlse ind/of

lubphl*lel w,lh _ccompany,ng cona,_,onl.

LEVEL i PR < 3.5

LEVEL 2 3.5 < PR _<6.5

LEVEL 3 6.5 < PR < 9

Figure I. Cooper-Harper Handling Qualities Rating Scale.
(from reference 3).
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Figure 6 shows data from a B-66 program which is a plot of the frequency
of encounter based on the RMS value. The RMS values are typically computed
from a 60-second record. Real turbulence is not stationary. The specification
deals entirely with clear-air turbulence. It is not associated with thunder-
storms or the large-scale phenomena being discussed here. This is a whole
new area to address. If you look at a 60-second record of wind shear with
conventional statistics, the RMS will be disproportunately large.

Figure 7 shows differences between the models. We have different defini-
tions for light, moderate and severe. For instance, the British classify an
RMS of I0 as heavy turbulence; Calspan classifies this value as the most severe
that you would encounter, as far as the flying quality specification is concerened.
The definition of light turbulence differs as well.

........ I ..._.Ashear ...... *_Figure 8 is o,, =^o,,,p,eof wm,lu _u u_nJ, u,,,c,=,l_
types of boundary layer profiles. None of these examples resembles the kind
of wind shear being discussed here.

Figure 9 illustrates the other part of the design problem, which is a dis-
crete wind disturbance. In a helicopter, for instance, if you are landing
behind a treeline, you experience a decrease in wind and then get a jet effect
near the ground below the level of the tree branches. I have landed at little
airports in light airplanes where you get a very pronounced wind effect from
trees which is very predictable. The wind disappears, and you just have to
be ready for it.

For those of you who are not well-versed in the MIL-SPEC rating scale for
flying qualities, Figure I shows a lO-point scale. Proper use of this involves
a pilot asking himself questions and answering his own questions. This helps
the pilot orient his thinking towards rating the handling qualities of the
airplane for a specific task. The first question is whether the airplane
is controllable. If it is not, the pilot is forced to give it a rating of I0.
Another question is whether adequate performance is attainable with a tolerable
pilot workload. All these questions are subjective. The pilot has to make a
judgment about what is tolerable.

Table I gives the mil-standard suggested specifications. In extreme
turbulence, it allows you to say that you still have a level-one airplane even
though the flying qualities are such that control can be maintained only
long enough to fly out of the disturbance. That's a pretty poor situation.
In severe turbulence, a pilot rating of 7-1/2 can be called level one. At
Calspan, we don't agree with that. We would like to see those definitions
of levels stay the same and have a different level permitted when you get into
heavy turbulence. For example, if you take a level-one airplane and fly into
an extreme situation, you might have a level-three pilot workload at that
point; that's okay as long as it's flyable and you can get out of it. That's
the alternate way which we are proposing to view the effect of turbulence.
For level one, the definition in turbulence would be that flying qualities
are clearly adequate for the mission flight phase, as shown in Table II. You
can accomplish the mission here in the military sense versus not accomplishing
the mission, giving up, and coming home. You require this capability for light
turbulence. In moderate turbulence, we are saying the capability is not
required, and likewise for severe. At level two, you have flying qualities
adequate to accomplish the mission flight phase, but some increase in work-
load or degradation of the mission in effectiveness both exist. In moderate
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MIL-F-8785C (reference 1)

o"w = 0.1 U20
o"

w

oru = (I" :
v (0.177 + .000823h) 0"4

L u = Lv
(0.177 + ,00082.3h) 1"2

Lw -- h

MIL-STD (reference 4)

O" = 5 FT/SEC ,,v MODERATE
u

O-w = .117h 1/3 O"u

Oru2 o"v2
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Lu 2L v

Lv = 145 h 1/3LU =
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0"v = 2w/r_ O"U

CAL_AJM (reference 2)

c u : 6 FTREC OPERATIONAL

O-w = .083 h1/3 o"u

0"¥ = o"U

Lu = 2L v =145h 1/3

21,.w = h

BE LOW 1000 FT

10< h <1000 FT

10<h<1750 FT
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h< 1750 FT

h < 1750 FT

Figure 3. Dryden Model Scales and RMS Intensities.
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Figure 4. Dryden Model Scales and RMS Intensities.
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MI L-F-8785B LOW ALTITUDE

CLEAR AIR Ow " 6.7 FT/SEC

THUNDERSTORM " 21 FT/SEC

MIL-F-8785C LOW ALTITUDE

Ow " .1U29 Ow

LIGHT (WIND) 2.53 FT/SEC

MODERATE 5.07

SEVERE 7.61

BRITISH AvP970 (reference 8)

LIGHT O ,, 3 FT/SECw

MODERATE 5

HEAVY 10

EXTREME 20

CALSPAN h <_1750 FT

ENVIRONMENTS o
tl

OPERATIONAL 6 FT/SEC

MOST SEVERE 10

Figure 7. RMS Turbulence

(reference 7)
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turbulence, you require the capability. In severe turbulence, the capability
is not required. This leads to a different design requirement on the flight
control system in heavy turbulence. You can have a requirement for a level-
three airplane or a level-two airplane in very heavy turbulence. This may end up
designing the flight control system, whereas requiring level one in light, or
no, turbulence may not be the critical design point.

QUESTION:

With regard to the change in velocity that you just talked about, one way
of interpreting that is that it requires the level-three airplane in a sense
to be as good as the level-one in severe turbulence. Is that realistic?

RESPONSE:

If an airplane is level one in clear air, no turbulence, what we are
suggesting is that you would allow it to degrade to level two or three in
moderate to heavy turbulence, and still satisfy the spec. However, you
would not call it a level one airplane in that situation.

QUESTION:

If the airplane was in what otherwise was considered to be a level three
situation, you still have a required capability to satisfy it with severe
turbulence...if it's level three for other reasons. Now, in addition, if
you have severe turbulence, this is more restrictive in some sense.

RESPONSE:

Yes, it could end up designing the airplane. In fact, there are some
instances where they should have looked at heavy turbulence in the design
because the airplane is almost unflyable in turbulence. If you look at smooth
air and look in the simulator without exercising this area, you willdesign
a dangerous airplane.
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